INTRODUCTION {#s1}
============

Lung cancer (LuCa) is one of the leading causes of cancer-related deaths and is a major disease burden worldwide \[[@R1]\]. Non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) are two major types of LuCa and NSCLC accounts for more than 80% of LuCa \[[@R2]\]. NSCLC frequently shows a preference for the regional lymph node, liver, contralateral lung, brain and bone marrow and, it is the most commonly diagnosed subtype and the major killer in Asian and Western populations \[[@R3], [@R4]\]. Most LuCa related deaths are due to the lack of effective treatment options for advanced and metastatic disease \[[@R2]\]. Hence, inhibition of metastasis by targeting the molecules involved in this process will be essential for reducing LuCa related mortality \[[@R5]\]. Unfortunately, molecular mechanisms involved in LuCa metastasis are not well defined. However, studies have shown that chemokines and their corresponding receptors play significant role in mediating the metastatic process in many cancers \[[@R6]--[@R20]\], including LuCa \[[@R8], [@R21], [@R22]\].

Chemokines are low (8--10 kDa) molecular weight chemotactic cytokines that were first shown to mediate leukocyte immune cell trafficking and protect the host from infection \[[@R23]\]. Immune cells bearing specific chemokine receptors, upon infection or injury, are directed to the site of insult in response to secreted chemokines \[[@R23], [@R24]\]. Cancer cells imitate this process during migration and invasion, whereby they exploit chemokine-chemokine receptor interaction to navigate to future homing or metastatic sites \[[@R6]--[@R8]\]. Among all known chemokines, CXCR4/CXCL12 has been widely studied and shown to be involved in pathogenesis of several cancers, including LuCa \[[@R21], [@R22]\]. However, expression and involvement of CXCR4, CCR7, CCR9, CXCR5 and CX3CR1 in various cancers reported by our laboratory and others suggest that the multi-step process of tumor progression and metastasis is regulated by multiple chemokines and their corresponding receptors \[[@R7], [@R8], [@R10]--[@R12], [@R16]--[@R18], [@R20]\].

In the present study, we provide evidence that CXCR6 and its natural ligand CXCL16 are highly expressed in tissue and serum of adenocarcinoma (AC) and squamous cell carcinoma (SCC) patients compared to control subjects. Using comparable cell lines derived from patients diagnosed with AC and SCC, we have shown CXCR6 is highly expressed by these cells and stimulation of CXCR6 with CXCL16 mediates cell migration and invasion, primarily by modulating matrix metalloproteinase (MMPs).

RESULTS {#s2}
=======

Clinical and biological significance of CXCR6 and CXCL16 in lung cancer {#s2_1}
-----------------------------------------------------------------------

Tissue microarray consisting of lung tissues from healthy individuals (non-neoplastic; *n* = 8) and LuCa patients (AC; *n* = 54 and SCC; *n* = 24) was stained for CXCR6 and corresponding immuno-intensity was analyzed. Significantly higher CXCR6 expression was found in NSCLC (AC and SCC) as compared to non-neoplastic tissues (Figure [1A and 1B](#F1){ref-type="fig"}). Expression of CXCR6 was significantly (*p* ≤ 0.0001) higher in AC compared to SCC. Furthermore, there was a notable difference in the CXCR6 distribution pattern between AC and SCC. Expression of CXCR6 in SCC was predominantly nuclear. However in AC, CXCR6 was largely present in cell cytoplasm and membranes, in addition to nucleus. Serum analysis revealed elevated CXCL16 levels in LuCa patients as compared to healthy individuals (Figure [2](#F2){ref-type="fig"}). Serum CXCL16 was significantly higher in AC (*p* ≤ 0.0001) followed by SCC compared to healthy donors (*p* ≤ 0.0001). These results suggest clinical significance of CXCR6 and CXCL16 in LuCa.

![CXCR6 expression in tissues samples from LuCa patients\
**(A)** Representative images for CXCR6 tissue expression in lung tissues from non-neoplastic (*n* = 8), adenocarcinoma (*n* = 54) and squamous cell carcinoma (*n* = 24) were stained with isotype control or anti-CXCR6 antibodies. Brown (DAB) color shows CXCR6 staining. Images were captured using tissuefaxs cell analysis system from Tissuegnostics. **(B)** Immuno-intensities of CXCR6 were quantified using image analysis Aperio ImageScope v.6.25 software using ImageScope algorithm. \*\*\**p* ≤ 0.0001 when compared between groups.](oncotarget-06-9985-g001){#F1}

![Serum CXCL16 levels in LuCa patients\
ELISA assays were performed to quantify CXCL16 levels in serum from patients diagnosed with (•) adenocarcinoma (*n* = 14), (○) squamous cell carcinoma (*n* = 17) and (Δ) normal healthy donors (*n* = 9). \*\*\**p* ≤ 0.0001 when compared between any two groups.](oncotarget-06-9985-g002){#F2}

To address the biology behind altered expression of this receptor, we analyzed mRNA and protein levels of CXCR6 and CXCL16 in LuCa cell lines derived from AC (NCI-H2126) and SCC (NCI-H520) patients. Expression of CXCR6 mRNA was significantly (*p* ≤ 0.05) higher in AC as compared to SCC (Figure [3A](#F3){ref-type="fig"}). Similarly, FACS analysis showed higher protein expression of CXCR6 in AC as compared to SCC (Figure [3B](#F3){ref-type="fig"}).

![CXCR6 and CXCL16 expression in LuCa cell lines\
**(A)** mRNA levels by semiquantitative RT-PCR. The copies of CXCR6 and CXCL16 transcripts are expressed relative to copies of 18S rRNA. Values are mean ± SEM from 3 independent experiments. \**p* ≤ 0.05, \*\*\**p* ≤ 0.001 as compared to SCC (NCI-H520). **(B)** Flow cytometry analysis of CXCR6 and trans-membrane CXCL16 in (i) - SCC (NCI-H520) cells and (ii) - AC (NCI-H2126) cells. Grey dots represent isotype controls for PE and APC antibody and black dots represent CXCR6-PE and CXCL16-APC in SCC (NCI-H520) and AC (NCI-H2126). CXCR6 and CXCL16 both are expressed on \~82.9% (Q2) SCC cells; 5.41% (Q1) express only CXCR6 and only CXCL16 is expressed by 9.08% (Q3) of SCC cells. In AC cells, 61.7% of the population express both receptor and ligand (Q2) whereas, 11.1 (Q1) and 16.2% (Q3) cells express only CXCR6 and CXCL16, respectively. **c)** Levels of soluble CXCL16 in LuCa supernatant. Values are mean ± SEM from 3 independent experiments. \*\*\**p* ≤ 0.0001 compared to NCI-H520.](oncotarget-06-9985-g003){#F3}

Higher levels of basal CXCL16 mRNA (*p* ≤ 0.001) (Figure [3A](#F3){ref-type="fig"}) and soluble CXCL16 (*p* ≤ 0.0001) (Figure [3C](#F3){ref-type="fig"}) in AC than SCC cell lines further substantiated serum data. Levels of soluble CXCL16 in conditioned medium collected from AC was two fold higher than that from SCC cells. Flow cytometry analysis revealed variations in surface CXCL16 expression among the two cell lines (Figure [3B](#F3){ref-type="fig"}). The percentage of AC cells expressing only CXCL16 or CXCR6 was \~16 and 11% respectively, while \~62% AC cells expressed both CXCL16 as well as CXCR6. Interestingly, the percentage of SCC (\~83%) expressing both CXCL16 and CXCR6 was higher than AC, whereas the proportion of SCC expressing only CXCL16 (\~9%) or only CXCR6 (\~5%) was less.

Soluble CXCL16 induces lung cancer cell proliferation, migration and invasion {#s2_2}
-----------------------------------------------------------------------------

Chemokines have the ability to influence cellular growth and their invasive potential. Studies have shown chemokines like CXCL13 \[[@R13]\] and CXCL16 \[[@R14], [@R25]\] independently enhance cell proliferation as well as invasive capacity of prostate cancer cells and human trophoblast cells. High soluble CXCL16 (sCXCL16) levels, result of shedding activities like that of ADAM-10 \[[@R26]\], led us to study impact of sCXCL16 on the two cell types with respect to cancer progression. LuCa cells, when treated with different concentrations of recombinant CXCL16, showed more proliferation compared to untreated cells (Figure [4A](#F4){ref-type="fig"}).

![Proliferation and metastatic potential of LuCa cells with CXCL16 stimulation\
**(A)** LuCa cells were incubated with different concentrations of CXCL16 and cell viability was measured using MTT. Line graph represents percentage of live cells after CXCL16 addition with reference to cells without CXCL16 addition. Dashed line represents SCC (NCI-H520) cell viability and solid line indicates AC (NCI-H2126) cell viability. LuCa cells were tested for their ability to **(B)** migrate and **(C)** invade under CXCL16 chemotactic gradient in the presence and absence of anti-CXCR6 Ab (1 ug/ml). Values are mean ± SEM from 3 independent experiments. \**p* ≤ 0.05; \*\**p* ≤ 0.01 when compared between two indicated groups.](oncotarget-06-9985-g004){#F4}

Both cell lines were also highly responsive towards CXCL16 gradients in both migration and invasion assays (Figure [4B and 4C](#F4){ref-type="fig"}). Importantly, the CXCL16 gradient was created using \~100 fold higher CXCL16 concentrations than those secreted by cell lines to effectively measure this potential effect. The chemo-attractant effect of CXCL16 was specific to CXCR6 as it was inhibited in presence of anti-CXCR6 antibody.

CXCR6/CXCL16 modulates MMP and TIMP expression in NSCLC cell lines {#s2_3}
------------------------------------------------------------------

Matrix metalloproteinase (MMPs) and tissue inhibitors of metalloproteinase (TIMPs) play crucial role in dissemination and invasion of tumor cells. Studies have shown MMP-1, -2, -9, -11 and -14 are highly expressed by LuCa \[[@R27]--[@R31]\]. Hence, we analyzed levels of these MMPs in LuCa cell lines with respect to CXCR6-CXCL16 axis (Figure [5A--5C](#F5){ref-type="fig"}). MMP-2 transcripts increased in both NSCLC cell lines (AC and SCC) after CXCL16 stimulation; moreover, the increase in AC was significantly higher than in SCC. In addition to this, MMP-11 and -14 mRNAs were also elevated in SCC after CXCL16 stimulation. However, MMP-9 mRNA was undetectable in SCC while, AC showed a significant increase in MMP-9 mRNA after CXCL16 stimulation. Interestingly, MMP-1, -11, -14 mRNAs in AC did not change after CXCL16 addition. CXCL16 treatment also increased MMP-2 protein levels to \~108.6% in SCC conditioned media collected 24 h after the treatment, but it was below the detection limit in conditioned media collected from AC after CXCL16 stimulation. There was marginal increase in MMP-9 (\~16.7%) levels in conditioned media from AC cells after CXCL16 stimulation but its was below the detection limit in SCC conditioned media after CXCL16 stimulation. We also analyzed expression of TIMPs in LuCa cells following CXCL16 treatment. We could not detect TIMP-1 mRNA or protein in AC and SCC cell lines used in this study. Levels of TIMP-2 mRNA remained unchanged in both cell lines (Figure [5A](#F5){ref-type="fig"}). Furthermore, the change in TIMP-2 protein in SCC after 24 h CXCL16 treatment was significantly higher (\~32.4%) (*p* ≤ 0.05) (Figure [5B](#F5){ref-type="fig"}). In contrast, there was no significant change in TIMP-2 protein in AC cells after CXCL16 treatment.

![Expression of MMP and TIMP in LuCa cells\
**(A)** Changes in mRNA levels of MMPs and TIMP after treatment with 100 ng/ml CXCL16 for 30 minutes. Values are mean ± SEM from 3 independent experiments. \**p* ≤ 0.05; \*\**p* ≤ 0.01; \*\*\**p* ≤ 0.001 compared to respective untreated cells or as indicated. **(B)** Percent increase in the levels of secreted MMP-2, 9 and TIMP-2 proteins 24 h after stimulation with 100 ng/ml CXCL16. \**p* ≤ 0.05 compared to respective untreated cells. Levels of MMP-2 in AC (NCI-H2126) and MMP-9 in SCC (NCI-H520) were below detection limit of the kit. **(C)** Basal levels of MMP and TIMP mRNA in SCC (NCI-H520) and AC (NCI-H2126) cells. Values are mean ± SEM from 3 independent experiments. \**p* ≤ 0.05; \*\**p* ≤ 0.01; \*\*\**p* ≤ 0.001 compared to SCC. MMP-9 mRNA could not be detected in SCC cells.](oncotarget-06-9985-g005){#F5}

ADAM 10 expression and association with soluble CXCL16 levels in NSCLC {#s2_4}
----------------------------------------------------------------------

Metalloproteinases are known to regulate metastatic processes \[[@R32]\]. Elevated ADAM 10 expression by tumors is shown to be poor prognostic indicator in many cancers \[[@R33]--[@R37]\]. It also plays important role in shedding of CXCL16. Interestingly, we found higher levels of ADAM 10 mRNA in SCC as compared to AC cells (Figure [6A](#F6){ref-type="fig"}). However, ADAM 10 protein was higher in AC cells, than SCC cells (Figure [6B](#F6){ref-type="fig"}). Soluble CXCL16 levels were significantly reduced in SCC culture supernatants after inhibition of ADAM 10 with its pharmacological inhibitor (GI254023X) (Figure [6C](#F6){ref-type="fig"}). On the other hand, soluble CXCL16 induced ADAM 10 expression in SCC cells (Figure [6B](#F6){ref-type="fig"}). However, such interdependence between soluble CXCL16 and ADAM 10 was not observed in AC cells (Figure [6B and 6C](#F6){ref-type="fig"}).

![ADAM 10 expression after CXCL16 stimulation and release of CXCL16 after ADAM 10 inhibition in LuCa cells\
**(A)** ADAM 10 mRNA levels by semiquantitative RT-PCR. Copies of transcripts are expressed relative to copies of 18S rRNA. Values are mean ± SEM from 3 independent experiments. \*\*\**p* ≤ 0.001 compared to SCC (NCI-H520). **(B)** Protein expression of ADAM 10 after CXCL16 stimulation by flow cytometry. Grey empty histograms represent untreated controls and black filled histograms represent CXCL16 treated sample in SCC (NCI-H520) and AC (NCI-H2126). **(C)** CXCL16 released after inhibition of ADAM 10 with two different concentrations of GI254023X. CXCL16 levels reduced below detection limit of the kit after inhibition of ADAM 10 in SCC (NCI-H520) cells.](oncotarget-06-9985-g006){#F6}

DISCUSSION {#s3}
==========

Chemokines represent a family of small-molecular weight chemotactic cytokines with homologous structure and similar function, which bind to G protein-coupled receptors \[[@R38]\]. Chemokines and their corresponding receptors were primarily associated with leukocyte trafficking in the immune system \[[@R38]\]. Recent studies in cancer suggest their role beyond leukocyte trafficking, since cancer cells use similar mechanisms during disease progression and metastasis \[[@R39]--[@R42]\]. Indeed, NSCLC highly express CXCR4 and blockade of this receptor leads to inhibition of metastasis \[[@R16], [@R17], [@R20], [@R43]--[@R48]\] implying the importance of chemokine/chemokine receptor and their interaction in NSCLC metastasis. These previous studies encouraged us to examine the involvement of other chemokines in LuCa.

Interaction of CXCR6-CXCL16 regulates thymocyte development, effector T cell trafficking and promotes dendritic cells and CD8^+^T cell interactions \[[@R49]\]. However, dysregulation of the CXCR6/CXCL16 axis has been implicated in inflammatory conditions such as atherosclerosis and rheumatoid arthritis \[[@R50]--[@R53]\]. Cancer development is associated with inflammation \[[@R54]\] and hence involvement of this chemokine in cancer would not be surprising. Furthermore, bronchial epithelial cells express high levels of CXCL16 \[[@R55]\] implying that these cells are under constant challenge with CXCL16.

Our results show increased CXCR6/CXCL16 expression in NSCLC proposing a role of this dysregulated axis in LuCa progression and metastasis. Owing to their origin from glandular epithelial cells, ACs are more aggressive in nature and relatively less responsive to chemotherapy. Significantly higher expression of CXCR6/CXCL16 in AC patient samples and cell lines could be involved in maintaining or dictating the aggressive phenotype of AC over SCC. Besides, nuclear localization of CXCR6, typically a cell membrane protein, in SCC tissues could also be of significance. Reports from our and other labs have shown nuclear localization of CXCR5 \[[@R16]\] and CXCR4 \[[@R21], [@R56]\] in prostate and, breast and lung cancer respectively. These nuclear localized CXCR4 are functional and underlie the recurrence of prostate cancer \[[@R57]\]. Similar role could be played by CXCR6 in SCC tissues with respect to LuCa, however further in-depth studies are required to conclude this facet.

CXCL16 has been assigned certain roles depending on its state. Trans-membrane CXCL16 promotes cell-cell adhesion \[[@R58]\], lymphocyte accumulation at tumor sites and leads to tumor immunity and better prognosis \[[@R59]\]. In contrast, soluble CXCL16 is pro-mitogenic, antiapoptotic and correlates with increased metastasis and poor prognosis \[[@R59], [@R60]\]. Hence, results showing significantly high levels of soluble CXCL16, i.e. in serum or conditioned media of NSCLC are particularly important with respect to the development of LuCa.

Cell lines derived from AC, with proportionally higher expression of CXCR6, show greater migratory and invasive potential than SCC cell lines under the chemotactic gradient of CXCL16. Here, LuCa cells expressing only CXCR6 and no trans-membrane CXCL16 would be more responsive to the elevated CXCL16 than those expressing both the membrane bound ligand and the receptor. Blocking CXCR6 with antibody significantly reduced the migration and invasion of SCC cells; however, only invasion was affected in AC cells. It should be noted here that invasion, as assessed using collagen IV matrix, is mainly attributed to the activity of MMP-2 and -9, the collagenases affected differentially by CXCL16 in the two cell lines; whereas migration is associated with a different set of proteins involved in motility.

Recombinant CXCL16 significantly increased proliferation in both AC and SCC derived cell lines substantiating its pro-mitogenic role. In other words, the observed elevated serum CXCL16 levels may favor neoplastic transformation during LuCa via promoting migration and invasion along with enhancing proliferation of cells. Concomitantly, soluble CXCL16 contributed by LuCa cells could saturate CXCR6 on lymphocytes and block their ability to detect cancer by mimicking trans-membrane CXCL16. It is also noteworthy that membrane CXCL16 is expressed by a large number of organs including brain, kidney and colon during inflammation \[[@R61]--[@R63]\] and this could be the cause of wider metastatic array of LuCa once the cells have dislodged from the original site of tumor.

Cleavage of CXCL16 is an event associated with protease activity of ADAM 10 in many cancers \[[@R26]\]. Decrease in CXCL16 release by SCC cells after ADAM 10 inhibition and induction of ADAM 10 expression by sCXCL16 implies a positive feed forward mechanism between these two proteins in SCC. A study shows CXCL16 induces upregulation of TNF-α, a poor prognostic marker associated with NSCLC \[[@R64], [@R65]\], in NF-kappa B dependent manner \[[@R60]\]. A concurrent study demonstrates TNF-α induced CXCL16 mRNA expression in endothelial cells \[[@R26]\], while ADAM 10 is associated with increased bioavailability/shedding of TNF-α \[[@R66]--[@R68]\]. Hence, it is likely that in SCC as well ADAM 10 is involved in this CXCL16 and TNF-α loop. Unlike SCC cells, AC cells may have an alternate mechanism to control membrane-bound versus soluble CXCL16 since neither ADAM 10 and soluble CXCL16 were proportional to each other nor did ADAM 10 inhibition affect CXCL16 release in these cells.

In addition to ADAM 10, we show significant changes in MMP -2, -9, -11, -14 and TIMP-2 expressions in LuCa cells, after CXCL16 treatment. MMP-2 and MMP-9 cleave type IV collagen, the major structural protein for ECM and basement membrane and are consequently associated with tumor development \[[@R32], [@R69], [@R70]\]. Stromelysin-3 or MMP-11 is implicated in extracellular matrix remodeling \[[@R71]\], increased tumor uptake \[[@R72]\] along with anti apoptotic and anti necrotic effect during cancer progression \[[@R73], [@R74]\]. MMP-14 and TIMP-2 are required for activation of pro-MMP-2 \[[@R75]\]. MMPs and their inhibitor, TIMPs, are commonly linked to metastasis of neoplastic cells, but these proteases have other more specific roles in cancer. Increased TIMP-2 could function by modulating I*κ*B*α* and IL-8 levels, phosphorylation status of I*κ*B*α* and NF-*κ*B \[[@R76]\] and thereby directly influence lung cancer progression. In all, induction of these MMPs and TIMP-2 after stimulation with recombinant CXCL16 clearly implicates its role in promoting LuCa metastasis.

The difference in expression patterns of MMPs between two cell lines after CXCL16 stimulation is not unusual and could be due to several reasons. For example, prostate cancer cell lines show variations in their MMP profile post CXCL16 addition \[[@R14]\]. Analysis of basal expression, i.e., in absence of additional CXCL16, shows that the two cell lines do not express same type or concentration of MMPs. Moreover, the fact that both cell lines were derived from different milieu \[[@R77]\], absence of stromal microenvironment \[[@R78]\], and differential CXCR6 expression altogether could influence MMPs. Nonetheless, differential effect of CXCL16 on MMPs possibly resulting in variations in migration and invasion capacity of cells suggests differences in mechanisms of tumor progression exploited by the two cell types.

METHODS {#s4}
=======

Immunohistochemistry and quantitation {#s4_1}
-------------------------------------

LuCa tissue microarray (TMA) slides were obtained from Abxis. Lung cancer TMA consisting of Non-neoplastic (*n* = 8), adenocarcinoma (*n* = 54) and squamous cell carcinoma (*n* = 24) were de-paraffinized in xylene and rehydrated through a graded series of ethanol (100%, 95% and 70%) for 5 min in each series and washed in distilled water. Endogenous peroxidase activity was blocked by incubating with 3% H~2~O~2~ in PBS for 5 min. The slides were then rinsed 3 times with deionized water followed by three washes in Tris-buffer and incubated with Fc block (Innovex Bioscience) for 30 min at RT in a humidified chamber. To reduce non-specific binding, the sections were then washed with Tris-buffer and incubated with 3% normal goat serum for 1 h at RT. Unbound goat serum was removed with Tris-buffer, and the sections were incubated with 5.0 μg/ml anti-CXCR6 antibody (MAB699, R&D Systems) for 90 min in humidified chamber at RT. Negative control slide was incubated with 5.0 μg/ml mouse isotype control antibody (R&D Systems). The sections were then washed with Tris-buffer and incubated with Horseradish peroxidase (HRP)-conjugated goat anti-mouse antibody (Zymed) for 20 min at RT. After incubation, sections were washed and incubated with DAB at RT until color developed. Next, the slides were washed in deionized H~2~O and counter-stained with Mayer\'s hematoxylin (Sigma) for 1 min. Subsequently, sections were washed with water, dehydrated in 70%, 95% and absolute alcohol for 5 min each and passed through xylene 3 times for 1 min each; and finally mounted with permount (Sigma).

To numerically analyze the immunohistochemical staining, virtual slides were created from stained samples after scanning each specimen using an Aperio ScanScope scanning system (Aperio Technologies). A color markup image for each slide was obtained based on membrane staining. The ScanScope generated true color digital images of each stained sample, which were viewed using Aperio ImageScope version 6.25 software. The ImageScope algorithm was used to determine staining intensity for each sample by digitally analyzing the color intensity.

Cell lines and cell culture {#s4_2}
---------------------------

Non-small cell lung cancer (NSCLC) cell lines, NCI-H520 (HTB-182; derived from a SCC patient) and NCI-H2126 (CCL-256; derived from an AC patient) were obtained from ATCC. NCI-H520 cells were cultured in RPMI-1640 supplemented with 10% fetal bovine serum (HyClone). NCI-H2126 cells were cultured in HITES medium i.e. DMEM: F12 medium supplemented with 0.005 mg/ml Insulin (Sigma), 0.01 mg/ml Transferrin (Sigma), 30 nM Sodium selenite (Sigma), 10 nM Hydrocortisone (Sigma), 10 nM beta-estradiol (Sigma), extra 2 mM L-glutamine (Hyclone) along with 5% fetal bovine serum. Both the cell lines were maintained in a 37°C incubator with 5% CO~2~.

RNA isolation and RT-qPCR analysis {#s4_3}
----------------------------------

Total RNA was isolated from CXCL16-treated and untreated LuCa cells using Tri-Reagent (Sigma). RNA was precipitated and resuspended in RNA Secure (Ambion). Complementary DNA was generated by reverse transcribing 1.0 μg of total RNA using Verso cDNA Synthesis kit (Thermo Scientific) using random hexamers according to manufacturer\'s protocols. mRNA levels of CXCR6, CXCL16, MMP-1, MMP-2, MMP-9, MMP-11, MMP-14, TIMP-2, ADAM-10 and 18S rRNA were determined using gene specific primers with iQ SYBR-Green Supermix (Bio-Rad, CA). The real-time thermal cycler (CFX96 Touch, Bio-Rad) profile used for amplification was as follows: initial denaturation 95°C for 3 min; denaturation 95°C for 10 sec; and annealing, extension, and detection at 60°C for 45 sec for 40 cycles. mRNA expression of the aforementioned targets is represented relative to 18S rRNA or fold change in expression relative to controls. Gene expression experiments were repeated three times to validate the results.

Flow cytometry {#s4_4}
--------------

LuCa cells (1 × 10^6^) were washed thrice with fluorescence-activated cell-sorting (FACS) buffer (PBS supplemented with 2% fetal bovine serum). Cells were then stained with respective antibodies as per manufacturer\'s instruction at 4°C for 40 min. Subsequently cells were washed twice with FACS buffer to remove unbound antibodies. Next, labeled cells were fixed in 500 μL of 2% paraformaldehyde solution, washed and analyzed by flow cytometry using a FACS ARIA-II flow cytometer (BD Biosciences, CA) and flow Jo 10.0.6 software (Treestar Inc). PE-conjugated mouse anti-human CXCR6 (FAB699P) antibody, PE-conjugated mouse anti-human ADAM-10 (IC1427P) antibody, APC-conjugated rat anti-human CXCL16 (FAD976A) antibody, PE-conjugated mouse IgG2B immunoglobulin isotype control (IC0041P) and APC-conjugated rat IgG2A immunoglobulin isotype control (IC006A) were purchased from R&D Systems (Minneapolis, MN).

ELISA {#s4_5}
-----

Sera from patients diagnosed with SCC (*n* = 17) or AC (*n* = 14), and from healthy controls (*n* = 9), were provided by Dr. Goetz H. Kloecker of the James Graham Brown Cancer Center, University of Louisville, Louisville, KY. Healthy donors had no active lung disease or symptoms at the time of blood collection. All subjects gave written informed consent. The University of Louisville IRB approved the use of these diagnostic specimens in accordance with the Department of Health and Human Service Policy for the Protection of Human Research Subjects 45 CFR 46.101(b) 2 and use of archived de-identified materials. Serum CXCL16 levels were quantified by human CXCL16 quantikine ELISA kit (R&D Systems) according to the manufacturer\'s protocol. Briefly, 100 μl of assay diluent (provided with the kit), followed by 50 μl of standards, controls, and serum samples, were added in different wells of an ELISA plate and incubated for 2 h at RT. Following washing four times with quantikine wash buffer 1 (provided with the kit), 200 μl of conjugate (antibody) was added to each well, and the plate was further incubated for 2 h at RT. The plate was washed, 200 μl of substrate solution was added, and the plate was incubated for 30 min in the dark at RT. After incubation, 50 μl of stop solution (2N H~2~SO~4~) was added to each well, and the optical density was measured with a microplate ELISA reader at 450 nm with the wavelength correction set at 540 nm. Each sample was tested in duplicate for assessment of inter-assay variation.

For measuring CXCL16 in culture supernatants, LuCa cells (0.5 × 10^6^/well) were seeded in six well plates and conditioned medium was collected after 24 h for CXCL16 ELISA. MMP-2, MMP-9, TIMP-1 and TIMP-2 protein levels were measured from conditioned medium collected 24 h after addition of recombinant CXCL16 (100 ng/ml). Commercially available ELISA kits (R&D systems) were used for the assays.

Cell proliferation assay {#s4_6}
------------------------

LuCa cells were seeded at a density of 2 × 10^4^/100 ul/well in 96 well plates. Next day, keeping the volume constant, cells were stimulated with different concentration (0--200 ng/ml) of recombinant CXCL16 (Peprotech). After 24 h, cell proliferation was assessed using MTT assay \[[@R79]\]. Briefly, MTT (20 μL of 5 mg/ml in PBS) was added in each well and plate was incubated at 37°C for 3 h. Resultant formazan crystals were dissolved in 100 μL of DMSO and absorbance was recorded in a spectrophotometer with plate reader at 570 nm. All concentrations were tested in triplicates and the experiment was repeated three times.

Migration and invasion assays {#s4_7}
-----------------------------

Migration and invasion studies were performed using BD Biocoat migration and Matrigel invasion chambers (Becton-Dickson Labware), respectively. Serum free DMEM was added to bottom and top chamber of inserts and allowed to hydrate for 2 h at 37°C with 5% CO~2~. Next, 0.5 × 10^5^ cells were added to the top chamber of inserts and 100 ng/ml CXCL16 (Peprotech, NJ) was added as chemo-attractant in the bottom chamber. To determine if the migration and invasion of LuCa cells is mediated specifically by CXCR6-CXCL16 interaction, cells pre-incubated with 1.0 μg/ml anti-CXCR6 antibody (MAB699, R&D Systems) were added to the top chamber in one well of Matrigel or control inserts and allowed to migrate/invade under chemotactic gradient of CXCL16 for overnight at 37°C and 5% CO~2~. After incubation, non-migrating cells on the upper surface of the membrane were removed with a cotton swab. Cells at the bottom surface of the insert were fixed with 100% methanol for 2 min, stained for 2 min with crystal violet (Fisher Scientific), and rinsed twice with de-ionized water. Migrated/invaded cells were counted by microscopy at 40× magnification. All experiments were repeated three times to validate the results.

Statistics {#s4_8}
----------

Comparisons of CXCR6 expression immunointensity in lung TMA and comparison of CXCL16 levels in serum of healthy controls and NSCLC patients were made by non-parametric Mann Whitney U test. Results were declared significant at α level of 0.05. Expression of CXCR6, CXCL16, MMPs and TIMP-2 mRNA and/or protein in LuCa cell lines was compared using a two-tailed Student\'s t-test and expressed as means ± SEM. Results of migration and invasion assays were analyzed by one-way ANOVA. Values were declared significantly different at a level of 0.05.

CONCLUSIONS {#s5}
===========

Our study strongly suggests that CXCR6-CXCL16 interaction plays crucial role in LuCa pathobiology. Differential expression of CXCR6/CXCL16 in two NSCLC subtypes namely SCC and AC could be correlated with their prognostic differences. Serum CXCL16 can be used as independent predictor of poor prognosis or survival in NSCLC cases with further validation in larger groups. Our results also demonstrate the biological significance of CXCR6/CXCL16 in NSCLC cell lines and that this axis could be an effective target in NSCLC. Nevertheless, carefully designed approaches would be required to target this immunologically important receptor-chemokine axis.
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